Purpose To identify a cohort of subjects without treatment for any cardiovascular risk and analyze the potential causative role of treatment for depression on the development of major cardiovascular outcomes during 2 years of follow-up. Methods We carried out a record-linkage analysis of hospital discharge records, prescription databases and vital statistics for all consecutive patients aged 30 years or older in one Italian region during a 4-year period. Depression was defined in terms of exposure to at least three prescriptions of antidepressant drugs within 1 year. Patients had no history of treatment with cardiovascular or antidiabetic agents and had not been hospitalized with a diagnosis of any cardiovascular condition in the preceding year. Followup was extended up to 2 years or to time to occurrence of major outcomes defined as either all-cause mortality, hospitalization for any cardiovascular cause or chronic exposure to cardiovascular drugs (antihypertensive, statins, antidiabetics). The results are expressed hazard ratios (HRs) and 95% confidence intervals (CIs) within age categories (30-49, 50-59, ≥60 years). Results A total of 105,573 persons without treated cardiovascular risk at baseline were identified, among whom 1,129
Introduction
Depression and heart disease are two common disorders that frequently coexist.
It is recognized that depression is a risk factor in patients with established cardiovascular disease (CVD), and independently predicts a worse cardiac outcome. Specifically, strong and consistent evidence has shown that depression is associated with increased mortality and coronary events in people with a history of coronary heart disease (CHD) [1, 2] . Depressive disorders have also been found to be independently related with poor clinical outcomes in patients with heart failure [3, 4] .
In comparison, the potential role of depression in the development of cardiovascular problems is much more controversial. Although several studies have explored this association [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , the results have not been consistent, with some studies [5, 6, 8-11, 13, 14] suggesting that depression is associated with an increased risk of coronary events in patients without baseline heart disease and others showing a neutral effect [7, 12] . However, it is interesting to note that these studies recruited patients with an important burden of cardiovascular risk factors at baseline and overall recruited a limited number of patients (<30,000). Few data are available about the effect of treated depression on a population without any known/treated cardiovascular risk at baseline [15] [16] [17] . This probably is due to the inherent difficulty, in terms of time and investment of resources, of conducting a prospective study among the general population without any baseline cardiovascular treatment. In fact, a large sample size and a long period of observation would be necessary to find major events in this specific type of population.
In this perspective, the resource represented by recordlinkage analysis of large databases, which has been increasingly recognized as a reliable tool to describe prospectively the history and to evaluate the outcomes of large cohorts representing the real context of care, seems to be very useful. Data sources, such as hospital discharge records, prescription databases and mortality statistics, and the reliability of recordlinkage to produce epidemiological information have been validated and described elsewhere [18] [19] [20] [21] .
The aim of our study was to explore this specifically important problem in order to (1) identify a cohort of subjects without treated cardiovascular risk, (2) analyze the association between treated depression on the development of major cardiovascular outcomes and (3) evaluate if the effect of treated depression on relevant outcomes is different in different age groups.
Methods
The databases including the detailed information on hospitalization, pharmacological treatments, death/life status of a population of 299,866 people aged ≥30 years from one local health authority (southern Italy) have been linked and used for this analysis.
Data sources
Hospital discharge records include information on primary diagnoses and up to five coexisting conditions, performed procedures, date of admission, discharge and in-hospital death. All diagnoses are coded according to the International Classification of Disease, Ninth Revision (ICD-9 CM) [22] .
The prescription database provides the community prescriptions reimbursed by the National Health System with drugs coded according to the Anatomical Therapeutic Chemical (ATC) Classification [23] and qualified with respect to dosages, date of first prescription and duration of exposure.
The Italian Civil Registry Database contains basic demographic information, including the vital status of each resident.
These three databases were linked anonymously using encrypted individual healthcare numbers in accordance with local laws for the treatment of personal data (privacy). 
Assessment of the absence of previous cardiovascular disease
For all patients, the databases were searched during a 12-month period preceding the index date to verify the absence of cardiovascular conditions, which was considered to be both a lack of previous hospitalization for any cardiovascular reason and no previous exposure to any kind of cardiovascular and antidiabetic treatment. The ICD-9 codes as well as the ATC codes used for this identification are listed in Table 1 .
Identification of the index data
For those patients who were exposed to antidepressants, index data were considered to be the date of the first prescription of these agents. Alternatively, for patients not exposed to antidepressants, the index data was considered the first prescription of any drug other than cardiovascular agents or those used in antidiabetic treatments.
Identification of depressed patients
Depression was deemed present if the subjects had been chronically exposed to antidepressant drugs within the index year, i.e. they had filled three or more prescriptions.
The drugs used for the identification of depression were: selective serotonin-reuptake inhibitors (SSRIs; fluoxetine, paroxetine, sertraline, fluvoxamine, citalopram, escitalopram); tricyclic antidepressants (TCAs; amitriptyline; clomipramine; imipramine; desipramine; nortryptiline); other antidepressants (reboxetine; venlafaxine; mirtazapine; mianserin; nefazodone; trazodone).
Outcome evaluation
Patients were followed up from the index date up to 2 years or until the occurrence of events, if they did occur. The specific events considered were: overall mortality, prescriptions of any cardiovascular or antidiabetic drugs, hospital-izations with cardiovascular diagnosis, the composite of either all causes of mortality, new prescriptions for cardiovascular reasons or cardiovascular procedures/hospitalization.
Information on death, cardiovascular events and procedures were obtained in the mortality statistics and hospital discharge records, respectively. All diagnoses were coded according to the ICD-9 (Table 1) . Information on the exposure to cardiovascular treatments was obtained from the prescriptions' database, considering the drugs identifying underlying clinical conditions, such as statins and treatments for hypertension and diabetes, as previously described [18] [19] [20] [21] and indicated in Table 1 .
Charlson index of comorbidities
For all patients we calculated the value of the Charlson index of comorbidity [24, 25] . This index encompasses several medical conditions weighted by 1 to 6 points. A sum score can be tallied from the weighted conditions to yield the total score, which ranges from 0 to 37 points. The Charlson index of comorbidity has demonstrated excellent predictive validity in numerous studies. Because none of the patients in our study had previous known vascular disease or diabetes, we used the residual components of the index to calculate the total score.
Identification of sub-cohorts
The analysis of the cohort was carried out stratifying by age. Specifically, three subgroups of patients were identified: (1) subjects aged 30-49 years, for whom a high prevalence of depression and a low incidence, over the specified time period, of events (mortality and clinical cardiovascular outcome) are to be expected; (2) middleaged patients (50-59 years), characterized by a more significant rate of cardiovascular problems; (3) elderly patients (≥60 years) for whom cardiovascular events become more frequent.
Statistical analysis
Baseline characteristics of patients were reported as percentages and mean ± standard deviation (SD) and were compared with Pearson χ 2 and Mann-Whitney U test statistics for categorical and continuous variables, respectively.
The association of treated depression with the 2-year allcause mortality, cardiovascular treatment, events and procedures was assessed using a Cox proportional hazards model, adjusted for age and sex and the value of the Charlson index. Survival curves were generated plotting the results of the Cox analysis.
Results are expressed as hazard ratios (HRs) and 95% confidence intervals (CIs) within age (30-49, 50-60, >61 years) categories.
A p values <0.05 was considered to be significant. All of the analyses were performed using SPSS ver. 10.0 (SPSS, Chicago, IL) and the SAS Statistical Package Release ver. 9.1 (SAS Institute, Cary, NC).
Results
We identified 105,573 persons without treated cardiovascular risk at baseline, with a mean age of 49.2±13.3 years. Of these 1129 (1.1%) were exposed to chronic treatment for depression. Subjects exposed to antidepressants were older (53.5± 15.2 years) than those not exposed (49.1±13.3 years) (p< 0,001). The use of antidepressants was more common among women than men (1.4 vs. 0.7%, p<0.001).
Most subjects (41.4%) were treated with SSRIs followed by TCAs (37.0%). Among subjects exposed to drugs for depression, 47.7,19.0 and 33.3% were 30-49, 50-59 and ≥60 years old, respectively.
Outcomes
The proportion of patients who present a composite of either death, need for any cardiovascular procedure/hospitalization or new cardiovascular medications was significantly higher among patients with treated depression than their counterparts without depression (HR 1.62, 95% CI 1.44-1.82, p<0.001) (Fig. 1 , Table 2 ).
The proportion of patients that received new cardiovascular prescriptions during follow-up was significantly higher among subjects who had been previously exposed to antidepressants than among those who had not (16.5 vs. 8.6%, p<0.001) ( Table 3 ). The adjusted risk of having a new prescription for cardiovascular drugs among patients previously treated with antidepressants was 1.38 (95% CI 1.20-1.60, p<0.001). Although this difference was present in all age categories, it did not reach a statistically significant value among the elderly patients (≥60 years), probably reflecting the high incidence of new prescriptions for cardiovascular group drugs among patients who had not been previously been exposed to antidepressants (Table 3) .
Specifically, In all of the subgroups of the different age classes, there was an increased risk of receiving new treatments among patients exposed to antidepressants. This difference was particularly evident among the younger groups, probably also reflecting the high rate of prescriptions among elderly patients not exposed to antidepressant treatment.
As for the type of antidepressant used, we observed that the use of SSRIs and TCAs was independently associated with a 78% (HR 1.78, 95% CI 1.37-2.32) and 37% (HR 1.37 95% CI 1.03-1.82) increase in the odds of receiving antihypertensive agents during follow-up. The prescription of other antidepressants did not appear to influence antihypertensive exposure.
The risk of treatment for diabetes increased (approx. twofold) only with exposure to SSRI (HR 2.09, 95% CI 1.15-3.79). We also found a significant statistically association between the use of all types of antidepressants and exposure to statins during follow-up (SSRIs: HR 2.06, 95% CI 1.5-2.9; TCAs: HR 2.20, 95% CI 1.58-3.05; others: HR 1.46, 95% CI 1.01-2.10).
A total of 884 (0.8%) patients died during the 2-year follow-up period; of these, 850 (0.8%) had not been exposed to antidepressants and 34 (3.0%) had been exposed ( Table 2 ). The adjusted risk of death (HR) among patients exposed to antidepressant drugs was 1.88 (95% CI 1.33-2.66). Considering the population stratified by age, the analysis highlighted that there was an increased risk of allcause mortality in all age categories but, as expected, only in elderly patients was a statistical significant difference reached (3.3 vs. 8.2%).
The same was true for the composite of cardiovascular hospitalizations and procedures (Table 2 ).
Discussion
This analysis shows that there is a significant association between exposure to antidepressant agents and both an increased risk in all-cause mortality and a higher need of new prescriptions for cardiovascular drugs among patients without known/treated vascular disease at baseline and who were at very low cardiovascular risk.
Nearly 1% of the patients of our study cohort had been exposed to chronic treatment for depression. Although this Fig. 1 Survival free of cardiovascular disorder incidence (drug prescriptions, hospitalizations and death) among patients exposed and not exposed to antidepressants. HR Hazard ratio, CI confidence interval prevalence appears to be low, it agrees with the selective criteria used to identify patients (chronic treatment with antidepressants), and in this context, it is in line with known data reporting that depression is under-detected in up to 50% of all cases in primary care and that of these, 40-50% stop treatment after few weeks [26, 27] .
Antidepressant use and need of new prescriptions for cardiovascular risk
In the general population setting of this study, our results show that pharmacologically treated depression was associated with an increased necessity for new prescriptions of cardiovascular and antidiabetic drugs during the follow-up period.
In particular, we found an 89% increased risk of beginning treatment for diabetes over the 2 years of follow-up in patients exposed to antidepressants. This risk was particularly relevant for the young population (30-60 years old). Very few studies have identified an independent increment in the risk of developing diabetes associated with the use of antidepressant medication [28] , despite evidence suggesting that medications for the treatment of depression may have an impact on glucose tolerance. The DPP (Diabetes Prevention Program) [29] found a strong and statistically significant association between antidepressant use and diabetes. Our findings confirm and extend these observations to the general population. If future prospective research confirms an etiologic role for antidepressants in diabetes, efforts to Where appropriate, values are given as the number of patients with the percentage in parenthesis a For the number of patients in the total population and in each age group, refer to Table 1 minimize the potentially negative effects of these agents on glycemic control should be pursued. Antidepressant agents were also independently associated to a 25% increase in the risk of beginning treatment for hypertension. Although the results of the studies examining the association between depression and hypertension are contradictory [15, [30] [31] [32] [33] [34] [35] [36] , among our large study population, we found a significant association between these conditions. Our results are in accordance with the results of an epidemiological study of young adults without hypertension at baseline followed up for 5 years [15, 16] .
Based on our results, it would appear that the exposure to anti-hypertensive drugs over 2 years of follow-up, in a relatively young population without any known/treated cardiovascular disease at baseline, could be a signal of subsequent development of coronary events. In fact, hypertension may be one of the mechanisms through which depression affects CHD [15] and ultimately mortality.
Particularly interesting is the result regarding the association between depression and the prescriptions of statins. We found that pharmacologically treated depressed patients had an increased risk of 87% of receiving a new prescription of statins during follow-up. Despite the fact that there is some published evidence reporting a significant relationship between depression and hypercholesterolemia [37] , our study is among the first to report this association. Although the possible mechanisms of this association remain unknown, one possible explanation is in the fact that depressed individuals more often have deleterious health behaviors than non-depressed individuals, including eating an unhealthy diet. Moreover, depression has been associated with dysregulation of the hypothalamicpituitary-adrenal axis [38] , which has also been implicated in the development of metabolic syndrome and CVD [39, 40] .
In all age categories, patients treated with antidepressants had an increased risk of all-cause mortality, but only in the elderly did this difference, as expected, reach statistical significance. Our finding of an association between depression and all-cause mortality, in particular in patients aged ≥60 years is consistent with those of other studies indicating that depressive symptoms constitute a risk factor for mortality [41, 42] , contributing to death primarily through pathways other than suicide [43] . Moreover, the aforementioned increased risk of developing new hypertension, hypercholesterolemia and diabetes could explain, at least partially, this increased risk of mortality. In fact, overall, there was a +35% increased risk of hospitalizations and procedures for cardiovascular reasons in the whole population, particularly among the elderly.
Strengths and limitations
The strength of this study is the specific methodology used that allowed us to identify a large cohort of patients without treated cardiovascular risk which, in turn, enabled us to study the effect of pharmacologically treated depression. It would be very difficult to set up a prospective study in a similar population because a very large number of patients and a long period of observation would be necessary. In Where appropriate, values are given as the number of patients with the percentage in parenthesis a For the number of patients in the total population and in each age group, refer to Table 1 fact, in our analysis of 105,573 patients without a known cardiovascular risk, only 1129 were exposed to antidepressant treatment, and we observed these patients for over 2 years. Our analysis has, however, a number of limitations that should be acknowledged.
The analysis is not intended to prove causality but to show associations between treated depression and major cardiovascular outcomes. Although the analysis does show an association between treated depression and major cardiovascular outcomes, we cannot definitely determine whether this effect is mediated by the condition of depression or whether it is related to the treatment for depression (pharmacologic side effect).
All of the analyses were corrected by age, sex and Charlson index as a proxy of comorbid conditions. Despite this approach to handling the data, which minimizes the ever-present and inherent problem of confounding by indication in this type of analysis, we cannot definitely rule out that some residual confounding could be still present.
Despite the consistency and magnitude of the associations, we cannot rule out that patients affected by depression could have a higher tendency to obtain drug prescriptions than other subjects.
The period of time available for the analysis was 4 years. Although this time window has been previously used by the authors and by other researchers, a longer period of observation was simply not available. Additionally, the prescription patterns used to identify some clinical conditions had inherent limitations due to the lack of validation.
Finally, although we attempted to identify a population without cardiovascular risk, we cannot be sure that lack of treatment is a proxy of lack of risk. However, the very low rate of events during the follow-up period revealed that lack of treatment was certainly a good indicator that the population selected was at very low cardiovascular risk.
In conclusion, this analysis suggests that pharmacologically treated depression is associated with an increased risk of beginning a new treatment for hypertension, diabetes and hypercholesterolemia. Furthermore, among patients with pharmacologically treated depression, there was an increase in all-cause mortality and hospitalizations and procedures for cardiovascular events. If antidepressants prove to be an independent risk for cardiovascular treatments and events, clinicians will need to take this into consideration when prescribing these agents.
